By extending the maximum entropy principle within a scheme in total average energy we obtain a closed system of hydrodynamic equations for a full nonparabolic band model in which all the unknown constitutive functions are completely determined. The theory is validated by comparing hydrodynamic calculations with Monte Carlo simulations performed for bulk and submicron Si structures at 300 K. In the general framework of the moment theory a systematic study of small-signal response functions is provided.
INTRODUCTION
The basic limitations of existing MPE theories as applied to solid state physics [1] [2] [3] [4] [5] are in: (i) the use of parabolic energy dispersion for the single carrier, (ii) the use of a few number of macroscopic moments to be taken as constraints in the variational procedure. Both assumptions are dictated by the complexity of the analytical formulation.
The aim of this work is to overcome these limitations by reformulating the theory within a total energy scheme described by a local and isotropic maxwellian distribution in terms of an arbitrary number of generalized kinetic fields {EP, cPbli, EP l(il bli2), EPbl(il bli2 lis), .} where U is the carrier group velocity, e(k) is the single particle band energy and, in general, U(ilUi2'''Uis is the traceless part of the tensor uil ui2 ""uis being p=0, 1,...,N, and s= 1,2,...,M with arbitrary values for the integers N and M.
A new system of generalized hydrodynamic (HD) equations is derived with the full complexity of the band modeled in terms of a single particle with an effective mass which is a function of the average total energy and becomes a new constitutive function [5] . Accordingly Now, instead of introducing a local temperature, typical for a parabolic band shape, we keep the total average electron energy [5, 6] which is a well defined quantity for any band shape [7] . Figure 2 reports the time-dependence of the linear response function (in the non-parabolic case) of the first scalar {K(t),K2(t),K12(t)} and vectorial moments {Kv(t),K(t),K2li(t)} for Open circles refer to full-band MC simulations performed along (111 crystallographic directions [8] . Crosses refer to analytical NP band MC simulations performed along the (111 crystallographic direction [9] . For the drift velocity we report also the experimental data obtained with the microwave time-of-flight technique (MTOF) along the (111) crystallographic direction [10] . results, HD calculations are found to agree satisfactorily apart from some discrepancy near the anode region. These discrepancies are associated with the strong gradient of the electric fields which need to account for other moments in the development of the analytical approach. As second step, we consider the contribution of higher moments and in Figure 4 we report a relevant subset of a complete series of data showing the spatial profiles of for the n+nn + structure calculated for an increasing number of moments with M-1, N= and N= 5 at increasing applied voltages. Overall, the agreement between the HD and MC results is considered to be satisfactory, thus validating the constitutive relations found here.
